The single-crystal elastic properties of a hydrous silicate gamet, hibschite (Ca3A12(SiO4)l.72(H404)l.28), were measured using Brillouin spectroscopic techniques. The adiabatic bulk modulus of hibschite, K s = 99.8+1.0 GPa, and the shear modulus, •t = 64.3_--/-0.5 GPa, are 40% lower than the bulk and shear moduli for anhydrous grossular gamet Ca3A12(SiO4) 3. This increased compressibility of hydrogarnet is attributed to increased hydrogen bonding with pressure in the H404 tetrahedron. Density considerations indicate that hydrogamet is likely to be stable relative to an assemblage with H20 as a separate phase throughout the upper mantle and probably the transition zone. Assuming gamet to be the sole repository for mantle water, the seismic wave velocities of a "wet" eclogitic layer are 6-8% lower than those of dry eclogite. A hydrated eclogitic layer several times thicker than the oceanic crust would probably be required for a water-rich region of the mantle to be seismologically detectable. Lesser quantities of mantle water than those implied by the above scenario may be invisible to seismic techniques.
INTRODUCTION
Throughout the evolution of the Earth it is possible that water has been stored in the interior so that at present there may be, inside our planet, several times the amount of water as is in the hydrosphere [Ahrens, 1989] . Where and in what form this water may be stored in the mantle are questions which may be answered by examining hydrous phases transported from the mantle [Bell and Rossman, 1992a] and by considering the phase relations and properties of high-pressure hydrous phases [Thompson, 1992] . Among the candidate "wet" mantle phases synthetic phase B has attracted attention because of its high density and the fact that it is stable to pressures characteristic of the transition zone [Ringwood and Major, 1967; Akaogi and Akimoto, 1980] . However, as pointed out by Finger et al. [1989] , phase B has not yet been demonstrated to be a stable phase for a likely bulk mantle composition. In addition to the high-pressure hydrous phases which have been synthesized, some naturally occurring upper mantle minerals such as olivine and pyroxene are able to incorporate OH and are potential storage sites for water [Bell and Rossman, 1992a] . Serpentine has been shown to remain hydrated up to 25 GPa and 900 K [Meade and Jeanloz, 1991] •'Calculated assuming (Si+H/4)=3.0.
an average of the three analyses. The lattice parameter, measured by single-crystal Xray diffraction using a Syntex P21 four-circle diffractometer, is given in Table 2 , with the hydrous (grossular) and anhydrous (katoite) end-member values for comparison. Additionally, to interpret the Brillouin measurements it is necessary to know the index of refraction. Values for nD and n514, measured by immersion oil techniques, are also given in Table 2 Seven of the natural growth faces of the hibschite were used for the Brillouin measurements. Optical goniometry was used to determine the orientation of each crystal face relative to the crystallographic axes in order to correct the velocity measurements for refraction effects [Vaughan and Bass, 1983] . Details of the Brillouin scattering technique are given by Vaughan [1979] and Sandercock [1982] . A 90 ø scattering geometry was used with a 514.5-nm wavelength light source supplied by an Ar-ion laser. Light scattered from the sample was analyzed by a plane-parallel piezoelectrically driven Fabry-Perot interferometer operated in a four-pass configuration. A full description of the system and the methods used is given by Bass [1989] . To avoid heating and dehydration of the sample during the experiment the laser power was reduced to less than 25 mW, and the run time was extended to 1-3 hours for each measurement. Table 3 gives the 29 acoustic velocities which were measured in 16 different crystallographic directions. All the measured velocities were corrected for surface refraction effects and then inverted to obtain the best fit set of elastic moduli, C ij [Weidner and Carleton, 1977] .
RESULTS
The hibschite elastic moduli determined from the velocity data set are given in Table 4 . The uncertainties in Table 4 are 1 standard deviation calculated from the root-mean-square error in velocity of the entire data set for each modulus. Because of the inhomogeneity of the hydrous component in the sample, which affects the moduli through an uncertainty in density, the accuracy of the moduli is estimated to be at the 2 standard deviation level. The adiabatic bulk modulus Ks and the shear modulus •t, also given in Table 4 , were calculated using both Voigt-Reuss-Hill averaging and Hashin-Shtrikman bounds [Watt et al., 1976] , with the results from the two methods being in complete agreement. The elastic constants for the anhydrous end-member grossular [Bass, 1989] are given for comparison in Table 4 , as well as the isothermal bulk modulus K 0 of pure synthetic end-member katoite recently measured by static compression [Olijnyk et al., 1991] . In comparing hibschite with grossular, a dramatic increase is seen in all the elastic moduli, such that shearing is affected similarly to bulk compression (see Figure 2) . It should be pointed out that the elastic properties of silicate garnet have previously been observed to be remarkably constant with respect to changes in composition [Bass, 1986] . To emphasize the magnitude of the increased compressibility due to hydration, it can be compared, for reference, with the difference in moduli between the lowand high-pressure polymorphs of Mg2SiO 4, olivine (Ks = 129 GPa, la = 81 GPa), and ¾-spinel (K S = 184 GPa, la = 119 GPa). The change of phase from olivine to ),-spinel effects a 30% difference in moduli, whereas in hibschite less than 50% hydration of grossular causes a 40% change in the moduli. A 60% difference in moduli is seen between the completely hydrated kato ite and grossular.
DISCUSSION
The high compressibility of hibschite can be understood in terms of the hydrogarnet crystal structure, which has been studied in detail by neutron and xray diffraction [ [1992] indicates that this enlarged tetrahedron is responsible for the increased compressibility of hydrous garnets. The Raman spectra of hibschite and grossular show that with pressure H40 4 tetrahedra are reduced in size relatively more than S iO 4 tetrahedra. This may be due to an observed increase with pressure of hydrogen bonding between hydroxyl groups and neighboring oxygens, which would help to compress the H40 4 tetrahedron in hibschite. Additionally, the results of Knittle et al. [1992] show that the cation polyhedra in hibschite, including those tetrahedra containing silicon, have a similar response to pressure as is seen in grossular and therefore do not contribute to the increased compressibility of hydrous garnet.
We can examine what effect the high compressibility of this hydrated garnet phase would have on properties which are measurable in the mantle, such as density and sound velocity, and investigate the possible consequences of water structurally bound in mantle silicates. First, to consider density, we use As seen in Figure 4 , the assemblage with structurally bound H20 (hibschite plus stishovite, shown bracketed by dashed lines) is denser than the assemblage with free H20 as a separate phase to at least the top of the transition zone (-q3 GPa).
In the temperature range of the upper mantle (-q 600-1750 K from 3-13 GPa) the relative densities of the mineral phases would be affected by a trade-off between thermal expansion and increased compressibility. Perhaps the most dramatic difference would be shown by H20, which would be a liquid phase at mantle temperatures. The density of water at 1273 K has been calculated to 15 GPa [Hill, 1990] , where it is --2% less dense than our calculated density for ice VII at 300 K and the same pressure. Therefore we do not expect the outcome of our calculations to be significantly altered if extrapolated to high provide systematics to determine whether K 0' behaves nonlinearly also, and the value can only be bracketed by the end-members. However, if the value of K0' for hibschite is closer to that of katoite, a greater difference in velocities between the wet and dry eclogite models would result. The limit for seismological resolution is, conservatively, a travel time delay of 0.5 s in V•,. Such a travel time delay can be the result of a seismic wave traveling for a short distance through an area with a large velocity decrease or, conversely, following a long path through an area with a small velocity decrease. Given the velocity difference between the wet and dry eclogite models, a P wave traveling through 45 km of wet eclogite would be 0.5 s slower than the same wave passing through dry eclogite. In other words, for any thickness of eclogite less than 45 km the P wave travel time delay would be below the limit of resolution, and it would not be possible to differentiate between wet or dry eclogite. On the basis of oceanic crustal thickness, a subduction zone eclogite layer might be on the order of 10 km thick rather than 45 km thick (although it may be in the form of a sheet with broader dimensions), and the amount of grossular (or hibschite) in the eclogite might range up to only slightly more than 50% of the entire garnet component [Dawson, 1980] 
